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Caninediroﬁlariosisisa frequent parasiticdiseasein New-Caledonia.Asurveyofcanineheartworm(Diroﬁlaria immitis)i n f e c t i o n
among dogs from the cities of Tontouta, Nanda¨ ıa n dN o u m ´ ea, was performed in March 2009 using two antigen test kits; the
microwell ELISA test: DiroCHE (Synbiotics Europe) and the Rapid Immuno Migration (RIM) test: WITNESS DIROFILARIA
(Synbiotics Europe). Blood samples were collected from 64 dogs: 49 strays and 15 military working dogs. The military dogs
received a permanent chemoprophylaxis (moxidectin). In 11 stray dogs, both tests were positive (22.4%). All the military dogs
were negative, showing eﬃciency of chemoprophaxis. Results were discrepant in 6 dogs, negative with one test and doubtful with
the other. Antigen heartworm test kits are available and reliable diagnostic tools. They are useful to evaluate the eﬃciency of
chemoprophylaxis and to detect infected animals in order to treat them and to prevent the spreading of the disease.
1.Introduction
Diroﬁlaria immitisisthecausativeagentofcanineheartworm
disease. Adult worms live in the pulmonary arteries where
females produce embryos which are taken up by bloodsuck-
ing mosquitoes. These vectorstransmit the infection toother
animals. Dogs are the main hosts; however, the parasite can
also infect cats, ferrets, and other mammals such as the red
fox and the coyote. The zoonotic risk is also important. In
dogs, the infection is chronic and leads to congestive heart
failure. The distribution of Diroﬁlaria immitis is worldwide,
and the parasite has been found in tropical, subtropical and
temperate regions [1].
Canine diroﬁlariosis is an endemic helminthosis in
New Caledonia with a high prevalence of infection [2].
New Caledonia is located around 21◦30 S 165◦30 E/21.5◦S
165.5◦E, approximately, 1200kilometres east of Australia
and 1500kilometres northwest of New Zealand, in the
subregion of Melanesia, southwest Paciﬁc. It comprises
a main island (Grande Terre), the Loyalty Islands, and several
smaller islands. The capital and largest city of the territory
is Noum´ ea. According to a previous survey [3] in 1993,
estimated prevalence of canine diroﬁlariosis was 57 (±8)%.
Two epidemiologic situations were distinguished between
strays and dogs owned by people, with prevalences of 66%
and 38%, respectively.
Because of the importance of heartworm disease in
veterinary medicine and public health, it is necessary to
carry out a diagnosis by eﬃcient and well-adapted meth-
ods. In infected dogs, a conﬁrmed diagnosis of heart-
worm disease associated with an eﬃcient clinic examina-
tion allows treatment before symptoms of cardiac failure
appear. Uninfected dogs can be protected through eﬃcient
prophylactic measures. Diagnosis and screening of the
disease are essential for the control of the disease because
they permit identiﬁcation of the sources and reservoir
hosts of the parasite, thus facilitating prevention of the
disease.2 Veterinary Medicine International
Heartworm antigen testkitsare widely used inveterinary
clinics to detect heartworm infection in dogs [1, 4–7]. These
kits have largely supplanted the use of microﬁlaria tests
both for screening and diagnosis, because of their high
sensitivity and speciﬁcity and becauseof the antimicroﬁlarial
eﬀects of commonly used heartworm chemoprophylaxis
using macrocyclic lactones [5, 8–12]. However, microﬁlaria
testing is complementary and may be done in tandem with
antigen testing to speciﬁcally determine whether this life-
cycle stage is also present in dogs that are antigenemic. Even
in areas where the prevalenceof heartworm infection is high,
many (about 20%) heartworm-infected dogs may not be
microﬁlaremic, and this ﬁgure is even higher for dogs on a
macrocyclic lactone prevention program [4].
2.MaterialandMethods
2.1. Animals. In March 2009, a survey for the detection
of D. immitis infection was carried out in dogs from New
Caledonia. Of a total of 64 dogs, 49 were local stray dogs
and 15 were military working dogs. The military dogs
came from the cities of Tontouta and Nanda¨ ı and the stray
dogs from Noum´ ea. Tontouta and Noum´ ea are separated
by 42kilometres away, whilst Nanda¨ ıa n dN o u m ´ ea are 190
kilometres away from each other. Breed, sex, and age of
stray dogs were varied. Military dogs were male Belgium
shepherds with an average age of ﬁve years.
Military working dogs spend mission time ranging from
several months to several years in New Caledonia. During
this period, they receive a year-round chemoprophylaxis,
based on the administration of moxidectin (sustained
release) every 6 months: ProHeart 6 (Pﬁzer Sant´ ea n i m a l e ,
Paris, France) by subcutaneous injection of 0.05mL of
the suspension/kg body weight. This provides 0.17mg/kg
body weight. This dosage is reported as being eﬀective in
preventing the disease in dogs [1, 4, 7]. No data are available
about the sanitary status or possible chemoprophylaxis of
the stray dogs. Nevertheless, as they are feral animals, we
suppose that they did not receive any chemoprophylaxis. No
symptoms of heartworm disease were identiﬁed in any of the
dogs included in the study.
2.2. Laboratory Diagnostics. T oe v a l u a t et h ep r e v a l e n c eo f
heartworm infection in dogs, two antigen test kits were
used in a blind study using serum drawn from 59 stray
dogs from the area. The eﬃciency of chemoprophylaxis was
assessed on 15 military working dogs. The test kits included
the microwell ELISA test: DiroCHEK (Synbiotics Europe)
and the rapid immunomigration (RIM) test: WITNESS
DIROFILARIA(Synbiotics Europe).
All test kits were used prior to their expiration date and
were stored and used as recommended by the manufacturer.
For each dog, two samples of serum were collected. All
sixty-four samples were sequentially tested with each test
kit.Technical reasons preventedexamination for microﬁlaria
(Knott test) and necropsies could not be performed.
DiroCHEK is an enzyme-linked immunoabsorbent assay
(ELISA) for the detection of adult D. immitis antigen in
canine and feline plasma or serum. DiroCHEK is highly
speciﬁc (speciﬁcity of 100%), sensitive (range of sensitivity
of 85% to 100%), and easy to use (Synbiotics Corpora-
tion/Direction inserts for use of the DiroCHEK test). Test
results can be obtained within 15 minutes. The reaction
wells are coated with antibodies directed against D. immitis
antigen. Another antibody is labelled with horseradish
peroxidase. Any antigen present in plasma or serum is
b o u n db yt h ea n t i b o d ya n dc o a t e dw i t ht h ee n z y m e - l i n k e d
antibody to form a speciﬁc complex. Any free enzyme-linked
antibody is washed away, and a chromogenic substrate is
added. In the absence of D. immitis antigen, no colour
change will be observed. The development of a blue colour
speciﬁcally indicates the presence of D. immitis antigen from
heartworms.
The WITNESS DIROFILARIA test is easy to implement,
when based on rapid immunomigration (RIM) technology
(Synbiotics Corporation/Direction inserts for use of the
WITNESS DIROFILARIA test). It is highly speciﬁc (speci-
ﬁcity of 100%) [13] with values ranging from 71% to
95% [13]. The test uses antibodies directed against speciﬁc
epitopes of a soluble antigen of D. immitis.T h es a m p l e
that contains this antigen is put into contact with sensitised
gold particles. The resultant complex then migrates on the
membrane before being caught in a reactive area, where
complex concentration creates a strongly apparent pink-
coloured band. A control band is located on the opposite
side of the membrane to ensure that the test is performed
properly.
Statistical comparison of the prevalence of infection
between stray dogs and military dogs was conducted using
aK h i - 2t e s t .
3.Results
For 11 stray dogs, both tests were positive (22.4%). All
the military working dogs were negative with both tests.
However, results were discrepant for 6 dogs (5 strays and 1
military dog); for 3 dogs, results were negative with WIT-
NESS DIROFILARIA test and doubtful with DiroCHEK;
for 3 other dogs (including 1 military dog), results were
doubtful with WITNESS DIROFILARIA and negative with
DiroCHEK.Sampleswerepositivewithbothtests,suggesting
a good correlation and consistency (100%) between the
two tests. Infection rates between stray and military dogs
were signiﬁcantly diﬀerent (Khi-2 (Yates correction) = 5.46;
P<. 04).
4.Discussion
Since microﬁlaremia and necropsy studies were not per-
formed, it is not possible to correlate the results of the
antigen test kits with the adult heartworm infection status,
that is, infected versus uninfected dogs. If the missing data
were available, it would have been interesting to compare the
performance between the WITNESS DIROFILARIA and the
DiroCHEK tests. Moreover, such data would have permitted
the evaluation of the limits of performance of the tests, andVeterinary Medicine International 3
tointerpret the results withrespect toheartworm burdens,as
test kits are less sensitive with low heartworm burdens [5, 7–
9, 13].
All positive samples were positive with both tests,
suggestinggoodcorrelationandconsistency(100%)between
them.
In the absence of a diagnosis for microﬁlaria, the
interpretation issues for positive antigen tests are as follows
[6]:
(i) heartworm infection (positive microﬁlaria diagno-
sis);
(ii) heartworm occult infection (negative microﬁlaria
diagnosis), with various possibilities: unisex infec-
tion (female worms); immune-mediated clearance
of microﬁlaria; after monthly chemoprophylaxis or
aftermicroﬁlaricidetreatment;infectionbyadults(5-
6 months after infection).
Without microﬁlaria diagnosis, the interpretation issues
for negative antigen tests are as follows [6]:
(i) absence of heartworm infection (negative microﬁ-
laria diagnosis);
(ii) heartworm infection (positive microﬁlaria diagno-
sis), with various possibilities; microﬁlaria are not
D. immitis; absence or undetectably low levels of
D. immitis antigen; immune clearance of antigen-
antibody complexes; adults dead and antigen cleared,
but microﬁlaria still present; microﬁlarial contam-
ination of lysing solution, dye, or ﬁlter cham-
ber; transfused with microﬁlaremic blood; prenatal
transfer of microﬁlariae; antigen destroyed due to
improper storage or treatment of sample.
Signiﬁcant diﬀerences in sensitivity, accuracy, and pre-
dictivevaluesamongtestkitsinthepresentstudycanexplain
discrepant results.
Tests using ELISA technology (includingDiroCHEK) are
more sensitive than tests using lateral ﬂow immunoassay
methodology (including WITNESS DIROFILARIA) [7–9].
Contrary to ELISA technology, rapid immunomigration
(RIM) does not include a washing stage of the matrice,
bidirectional ﬂow, and response ampliﬁcation. These three
characteristics can explain the better sensitivity of ELISA
tests. Results of a previous study [8] indicated that sensi-
tivity values ranged from 78% to 84%, respectively, with
immunochromatographic and ELISA test formats.
The accuracy and negative predictive value of tests
using ELISA (including DiroCHEK) are signiﬁcantly higher
than that of tests using rapid immunochromatographic
methodology (including WITNESS DIROFILARIA)[8].
Our results show the eﬃciency of chemoprophylaxis
(using moxidectin)used onmilitary working dogs. However,
the newest tests (including WITNESS DIROFILARIA and
DiroCHEK tests) are quite sensitive, and antigen from dead
heartworms has been detected for up to 3 to 4 months
(Synbiotics Corporation data). Therefore, for deﬁnitive
diagnosis, in order to conﬁrm the success of adulticide
therapy, dogs have to be retested 5 and 9 months later. If
the test at 5 months is negative, testing at 9 months can be
avoided [6].
Transmission of diroﬁlariasis is dependent upon the
presence of suﬃcient numbers of infected, microﬁlaremic
hosts and reservoirs, susceptible mosquitoes, and a suitable
climate to permit extrinsic incubation of the parasite in the
mosquito intermediate host [14]. A pivotal prerequisite for
heartworm transmission is a climate that provides adequate
temperature and humidity to support a viable mosquito
population and sustains suﬃcient heat to allow maturation
of ingested microﬁlariae to infective, ﬁrst-stage larvae (L3)
within the intermediate host. It has been shown under labo-
ratory conditions in three mosquito species that maturation
of larvae within mosquitoes ceases at temperature below
14 degrees Celsius, and similar activity is expected in other
mosquitoes capable of transmitting heartworms [4]. The
time required for the development of microﬁlariae to the
infective stage in the mosquito is temperature dependent. At
27◦C and 80% relative humidity, development is shorter and
takes about 10–14 days [4].
The climate of New Caledonia is more or less tropical,
with two seasons: September to March, warm and humid
with temperatures averaging between 25 and 27 degrees
Celsius; April to August, cool and dry with temperatures
averaging between 20 and 23 degrees Celsius. The aver-
age yearly temperature is 23 degrees Celsius. The average
humidity rate is 80%. New Caledonia ﬂora is very rich and
various. The three primary vegetations of the country are
the lowland rain forests, the mountainous forests, and the
wet maquis forests (2005–2011 World Health Organisation
Regional Oﬃce for the Western Paciﬁc). The geographical
and climatic features, among other factors, contribute to the
development of arthropod and insect vectors of pathogens,
including mosquitoes. Except Anopheles,m a n ym o s q u i t o
kinds and species are recensed in New Caledonia: Aedes,
Culex, Mansonia, and Psorophora (2005–2011 World Health
Organisation Regional Oﬃce for the Western Paciﬁc). All
species are competent for D. immitis transmission [15].
According to previous data, climate of New Caledonia
also favours the transmission and the life cycle of the
parasite.
NewCaledoniafaunaisnotasrichasitsﬂora(2005–2011
World Health Organisation Regional Oﬃce for the Western
Paciﬁc). Land animals of New Caledonia include indigenous
mammals (ﬂying foxes, bats). All the other mammals have
been introduced (rusa deer; wild pigs; horses, cattle, and
oth ers t ocks ;pets :dogsa n dca ts ;ra tsa n dm i c e,et c.).W i ldli f e
reservoirs play a role in perpetuation and transmission of
the parasite D. immitis to dogs [16]. Moreover, many free-
roaming (i.e., stray) dogs and cats are present in urban
and rural areas in New Caledonia. These animals contribute
to the distribution, transmission rate and prevalence of
heartworm infection in the country. Indeed, free-roaming
cats and dogs are at high risk of acquiring vector-borne
pathogens, mainly because they are often untreated against
ectoparasites, thus representing an easy feeding source for
t h e m .I na d d i t i o n ,t h eg e n e r a lc o n d i t i o n so ft h e s ea n i m a l s
(e.g., poor nutrition) may contribute to susceptibility to
heartworm infection. Likewise, when infected, free-roaming4 Veterinary Medicine International
catsand dogsare oftenneithermonitored nor treated against
D. immitis.
Human heartworm infection is incidental and rare.
Human cases have been reported mainly in areas of high
canine prevalence[16],amongwhich thereisNewCaledonia
[17], highlighting the importance of heartworm testing and
chemoprophylaxis in all dogs to reduce the risks of man
infection.
Because 22.4% of stray dogs included in this study
were positive for D. immitis adult antigen, dogs living in
this area should be considered at high risk for developing
heartworm infection, and they are likely to become infected
with D. immitis if appropriate precautions are not taken.
An annual occult heartworm test alone is consid-
ered appropriate for dogs receiving year-round monthly
treatments [1, 17]. If the chemoprophylactic treatment is
performed with a sustained release preparation, periodic
testing (each 2 or 3 years) will ensure that there have been
no eﬃcacy breaks [1]. Nevertheless, as the performance of
antigen tests decreases in dogs with low heartworm burdens
and/or near the distribution limits of the parasite [18], a
more accurate diagnosis of infection couldbe obtained using
a complementary test (particularly a concentration test such
as the modiﬁed Knott test) in addition to an antigen test. An
annual screening using both tests is also useful to assess and
controltheeﬃciencyofthechemoprophylaxiscarriedouton
the military dogs.
5.Conclusions
In March 2009, an original survey was carried out on dogs
from New Caledonia, using two heartworm antigen test kits
(DiroCHEK and WITNESS DIROFILARIA,Synbiotics).
In the city of Noum´ ea, the prevalence of canine heart-
worm infection was 22.4% (11/49) in our sample. In the
nearby cities of Tontouta and Nanda¨ ı, all results were nega-
tive for 15 military working dogs. These results demonstrate
the eﬃciency of chemoprophylaxis (with moxidectin) used
on military working dogs.
Because microﬁlaremia examination and necropsy were
not performed, the results can neither provide the preva-
lences of deﬁnitive heartworm infection, nor the whole data
concerning performance of the tests.
In order to prevent the spreading of the disease, antigen
heartworm tests are useful for epidemiological studies for
detecting infected animals, as well as for human contamina-
tion.
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